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Description 

Background of the Invention 

5 1 . Field of the invention 

This invention relates generally to an apparatus for muscle stimulation in the field of Functional 
Electrical Stimulation (FES) employing one or more adjustable surface area, electrode intramuscular lead. 
Potential appications are: scoliosis correction, upper and lower limb stimulation of hemi, para and 
w quadriplegics, foot drop and cardiac assistance. The particular application is reconstructive cardiac surgery 
for augmentation of cardiac output, and more particularly to such an apparatus wherein a muscle surgically 
implaced about the heart is electrically stimulated in synchrony with detected natural heartbeats to contract 
about the chambers of the heart and increase cardiac output. 

15 2. Related Art 

In recent years, a considerable amount of interest has been generated by the widespread use of 
cardiac stimulators and other muscle stimulators in the body to counter the effects of disease or injury 
which have left such muscles unable to perform satisfactorily. FES, e.g. cardiac pacing to increase cardiac 
20 output through the substitution of a higher, but physiological, heartbeat rate for that provided by the 
diseased or damaged heart itself, is widely known. Cardiac pacing cannot in itself replace or cure a failing 
heart, and for that reason natural heart transplants and artificial heart implants have become increasingly 
common. 

In an effort to avoid the limitations of these procedures, several investigators have considered the 
25 possibility of increasing cardiac output of the patient's own failing heart by substituting body muscle for 
myocardial tissue and to attempt to train that muscle to operate in the same way as myocardial tissue. 

The paper entitled "Functional Adaptation in Skeletal Muscle" by S. Salmons (in Trends in 
Neuroscience , 3:134-137 1980) describes the physiological differences between untrained and trained 
skeletal muscle. 

30 In the paper entitled "Experimental Cardioplasty Using the Latissimus Dorsi Muscle Flap" by Juan C. 
Chachques, M.D. et at (in the Journal of Cardiovascular Surgery , 26 (5):457 - 462, 1985), the authors 
describe the procedure by which a pedicled Latissimus Dorsi flap is grafted directly to the heart in order to 
replace diseased or injured myocardial tissue. In the later paper entitled, "Development of a Non- tiring 
Stimulation of the Latissimus Dorsi Flap as a Myocardial Substitute" by J.C. Chachques et al, in Artificial 

35 Organs , 8:379 - 380, 1984, the authors describe the application of stimulating energy to the pedicled 
Latissimus Dorsi flap to train the muscle to contract at a frequency up to 80 beats per minute without 
encountering fatigue. Such a suitable trained muscle could be substituted for myocardial tissue. 

The paper entitled "Synchronously Stimulated Skeletal Muscle Graft for Myocardial Repair" (in The 
Journal of Thoracic and Cardiovascular Surgery , 87 (3):325-331, 1984) describes an external system for 

40 training and stimulating a skeletal muscle cardiac graft in 1:1, 1:2 or 1:3 synchrony to detected R waves. 
The co -pending Medtronic U.S. patent application serial no. 761,252 filed August 1, 1985 describes a 
skeletal muscle - aortic balloon system for augmenting cardiac output in synchrony with detected R 
waves. 

In the Medtronic U.S. Patent No. 4,411,268, a pulse generator is described for providing both 
45 conditioning and stimulating pulses to a cardiac muscle graft in synchrony with either the delivery of a 

stimulating pulse to the heart itself by an artificial cardiac pacemaker or in response to the sensing of a 

natural underlying heartbeat within the heart. 

These prior systems would employ sensing in pacing electrodes within the heart and undefined 

electrodes applied to or extending through the muscle tissue surgically implaced around the heart or the 
so balloon. The prior art does not appear to disclose a suitable electrode configuration for applying the muscle 

stimulator output pulses to the muscle itself. 

Other prior art systems would include devices such as seen in the intermediate document WO 

87/01947, which shows a sleeve which is retractable for exposing the tip of a pacemaker lead after initial 

placement within the ventricle. 
55 GB-A-1 147 532 discloses an electrode assembly comprising several flexible concentrically arranged 

electrodes and separated by isolating layers on which an outer plastic sleeve is movable. The sleeve should 

preclude excessive flexing of the electrode at a rear part of the electrode. A shoulder prevents the outer 

sleeve from being advanced to the electrode tip. 
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FR-A-2 537 874 discloses a catheter with two lumens, the first movably receiving a lead for pacing 
the atrium, the second movably receiving a lead for pacing the ventricle. The leads are isolated except for 
their tips which contact the muscle. 

5 Brief Summary of the Invention 

The apparatus of the present invention provides a device for inducing the desired functional contraction 
in muscle tissue employing one or more adjustable surface area, intramuscular lead(s) for applying 
stimulating pulses to the muscle. 

io The apparatus generally comprises pulse generating means for generating suitable stimulating pulses 
for contracting the muscle, electrode means for electrically connecting the stimulating means to the muscle, 
and means for initiating the stimulating pulses in a desired stimulating regimen. The lead generally 
comprises lead means having a proximal and distal end carrying electrode means in the form of a length of 
exposed electrical conductor at the distal end of the lead means for insertion into the muscle tissue to be 

75 stimulating, and adjustable insulating means adapted to be advanced distally to electrically insulate any 
portion of the exposed electrical conductor which is not advanced into said muscle tissue, whereby said 
electrode may be adapted to the dimensions of the muscle being stimulated. 

The lead and electrode are surgically placed by advancing at least a portion of the exposed electrode 
into muscle tissue, advancing the adjustable insulating means distally to cover and electrically insulate any 

20 exposed portion of the elongated electrode and fixedly securing the adjustable insulating means to the lead 
body to retain it in the advanced position. 

More particularly, the apparatus is preferably designed for functional electrical stimulation of a cardiac 
assist muscle graft in synchrony with the contraction of a heart to augment and strengthen the heart and 
comprises pulse generating means for providing stimulating pulse trains sufficient to effect the desired 

25 contraction of the muscle, sensing means for sensing natural heart depolarizations and providing a 
synchronization signal in response thereto, first lead means coupled to the heart and to the sensing means 
for applying the heart signals to the sensing means, delay means responsive to the synchronization signal 
for developing a trigger signal after a predetermined delay period, pulse generator output stage means 
responsive to the trigger signal for providing the pulse train at the muscle output terminals, and second lead 

30 means coupled to the muscle stimulating output terminals and to the muscle tissue grafted to the heart for 
conducting the muscle stimulation pulse trains to the muscle to cause it to contract in synchrony with the 
sensed heart signals. 

The intramuscular lead preferably further comprises a first length of conductor having a proximal end 
and a distal end, insulating means for electrically insulating the first length of conductor, connector means 

35 fixedly attached to said proximal end of the first length of conductor for electrically coupling the lead to the 
pulse generator, an electrode comprising a second length of conductor having a proximal and distal end, 
means for fixedly attaching the proximal end of the second length of conductor to the distal end of the first 
length of conductor, means fixedly attached to the distal end of the second length of conductor for inserting 
at least a portion of the second length of conductor into muscle tissue, and insulating sleeve means having 

40 a proximal end, a distal end and a predetermined length, the sleeve means surrounding the lead and 
slidable between at least the proximal and distal ends of the second length of electrical conductor whereby 
the insulating sleeve means may be advanced distally to overlie and electrically insulate any remaining 
portion of the second length of electrical conductor not positioned within muscle tissue. 

Finally, the apparatus further provides for a mesurement of the length of electrode within the heart 

45 muscle. The lead further comprises a first marker along the length of the lead body and a second marker 
along the length of the insulating sleeve. After advancement of said insulating sleeve to cover the remaining 
portion of the electrode not inserted within the muscle, one may measure the distance between the first and 
second markers to determine the length of the portion of the exposed electrical conductor inserted within 
the muscle tissue. This will provide the physician with an indication of exposed electrode surface area and 

50 its effect on longevity of the batteries powering the pulse generator, and the effectiveness of muscle 
contraction may be estimated. 

The device according to the invention includes a lead for establishing electrical contact between body 
tissue and a medical device having an electrode and a lead wherein the lead has a proximal and distal end 
and the electrode is in the form of a length of exposed electrical conductor at the distal end of the lead and 

55 is adapted for insertion into the muscle tissue to be stimulated. There are also adjustable insulating means 
adapted to be advanced distally to electrically insulate any portion of the length of electrical conductor 
which is not advanced into the body tissue, whereby the electrode may be adapted to the dimensions of the 
body tissue being stimulated. 
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Brief Description of the Drawings 

Additional objects and features of the present invention will become readily apparent when the same 
are set forth in greater detail in the accompanying detailed of the preferred embodiment with reference 
5 being made to the drawings in which like reference numerals represent like or similar parts throughout and 
in which: 

Fig. 1 is a schematic diagram of the surgical technique for muscle graft placement about the left 
ventricle of a human heart; 

Fig. 2 is a schematic illustration of how the intramuscular lead(s) of the present invention would be 
w threaded into the muscle to provide a variable electrode surface areas as desired; 

Fig. 3 is a block diagram of one form of electrical stimulator that may be used in the practice of the 
invention; 

Fig. 4 is a schematic diagram of one embodiment of the intramuscular lead(s) of the present invention; 
Fig. 5 is a sectional view of the lead of Fig. 3 with the electrode surface area retracted; and 
rs Fig. 6 is a cross - sectional view of the distal end of the lead of Fig. 3 showing how the electrode surface 
area exposed. 

Detailed Description of the Invention 

20 Turning now to Fig. 1, there is shown a human torso generally showing the location of the heart and the 
location of the left Latissimus Dorsi muscle which has been excised from its normal location and surgically 
grafted about the ventricle. The heart is generally depicted as 10 and the muscle is depicted as 20. The 
surgical procedure involves the dissection of the left Latissimus Dorsi muscle from all of its costal, vertebral 
and iliac insertions while leaving intact the superior vessel and nerve pedicle. The muscle is then split 

25 vertically from the center of its free end for a distance of approximately 2/3 its length. A thoracotomy at the 
fifth left intercostal space with pericardiotomy employed to expose the heart. 

The re - section of 3 cm of the lateral arc of the second rib permits passing the dissected flap into the 
thoracic cavity. The posterolateral incision can then be closed and the median sternotomy opened and 
extended into the epigastrium. The two ends of the flap are then fixed to both the right and left ventricles 

30 with a suitable number of separated sutures to thereby wrap around the exposed surface of the heart as 
shown in Fig. 1. 

The muscle is then tested by electrical stimulation with a muscle stimulator to see if the stimulation 
causes an acceptable contraction of the ventricles of the heart 10. Preferably the muscle has, several 
months prior to the operation, been chronically stimulated while in situ to strengthen it to alleviate fatiguing 

35 by the repetitious stimulation at the normal frequency of the natural heartbeat. Such a muscle strengthening 
regimen is disclosed in the Chachques et al paper appearing in Artificial Organs previously referred to. 

Such a surgical procedure involving the resection of a large cardiac tumor is reported in the letter 
"Myocardial Substitution with a Stimulated Skeletal Muscle:First Successful Clinical Case", (in The Lancet , 
8440:1267, June 1, 1985). This report does not reveal the design of the leads employed in that procedure. 

40 At the time that the muscle is trained, electrodes are positioned in the muscle as very generally shown 
in Fig. 2. Two or more leads 30 and 40 are threaded into the muscle 20 a suitable distance apart (such as 
12 cm) so that the exposed electrode surface areas lie completely within the muscle flap along the paths 22 
and 24, respectively. The stimulation program of the type set forth in the Artificial Organ article may be 
employed to strengthen the muscle and increase its bulk and resistance to fatigue. 

45 At the time of the operative procedure set forth above, the stimulating leads employed in the training 
regimen may be removed and replaced by new leads threaded into the muscle along the paths 22' and 24' 
depicted in Fig. 1. Those electrodes are connected through insulated leads to a pulse generator of the type 
disclosed in the aforementioned U.S. Patent No. 4,411,268 and as described in regard to Fig. 3. In this 
fashion, the indwelling permanent leads are expected to conduct electrical stimulation into the muscle graft 

50 so that it contracts in synchrony with detested natural heartbeats or paced beats to forcefully compress the 
ventricles of the heart 10 in the manner described in the '268 patent. 

Turning now to the preferred embodiment of the pulse generator and lead of the present invention, Fig. 
3 depicts in block diagram form a programmable cardiac pacemaker and muscle stimulator and Figs. 4-6 
depict the load. A cardiac pacing lead 54 is further depicted in Fig. 1 for carrying natural heart signals and 

55 pacing stimuli between the heart 10 and the pulse generator 50 in a manner described hereafter. 

In Fig. 3, the pulse generator 50 is coupled to its input terminal 52 and the cardiac pacing lead 54 to 
the heart 10 and at its muscle output terminals to two or more leads attached to the muscle 20. The pulse 
generator comprises a pacing sense amplifier 56, a pacing output stage 58, a sync signal divider 60, sync 
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delay 62, oscillator, rate limit and burst counter 64, pulse generator output stage 66, an up -down telemtry 
circuit 68 and antenna 70, and programmable memory and logic 72 along with magnetically activated switch 
74 and gates 76 and 78. Very generally, the amplifier 56, pacing output stage 58, up -down telemetry 
circuit 68, 70 and 74 and certain of the programmable logic and memory within block 72 are preferrably 

5 derived from the Medtronic® SYMBIOS® Model 7005/6 DDD pacemaker and the lead 54 may be any 
conventional myocardial or transvenous pacing lead. The oscillator and rate limit and burst counter 64 and 
output stage 66 together with certain of the programmable memory and logic circuitry within block 72 may 
be derived from the Medtronic® Itrel® Model 7420 implantable muscle stimulator. The remaining blocks 60 
and 62 together with their associated portions of the memory and logic block 72 are specially designed to 

w apply the sensed or paced output of the pacing stage after a suitable programmable delay to trigger the 
muscle stimulator stages into producing the suitable burst of stimuli to the Latissimus Dorsi muscle 20. 

In regard to the pacing portion of Fig. 3, the sense amplifier 56 has a programmable sensitivity and 
refractory interval established by the data stored in memory in the block 72. If it detects a suitable 
heartbeat, it produces a trigger signal which is passed through the AND gate 76 to both the pacing output 

75 stage 58 and to the sync signal divider 60 through OR gate 78. The pacing output stage 58 may be 
programmed to be operative or inoperative, depending upon whether or not the patient's natural heartbeat 
recurs at satisfactory rates and/or whether or not the physician prefers to pace at a fixed rate or in 
synchrony to the patient's natural heart rate. In the event that the patient's underlying rate falls below the 
programmed lower rate of the pacemaker, then the pacing impulse will be triggered and applied through 

20 conductor 80, connector 52 and lead 54 to the patient's heart and separately through OR gate 78 to the 
sync signal divider 60. The pulse width lower rate and pulse amplitude of the pacing output stimuli are set 
in accordance with the programmed memory within the block 72. 

The signal applied through OR gate 78 is applied to trigger signal divider 60 which may be 
programmed to a 1:1, 1:2 or 1:N division ratio in accordance with the ratio established in the programmable 

25 divider memory portion of the block 72. The sync signal divider 60 may furthermore be made operational 
when the natural sensed heartbeat exceeds a certain upper rate. Alternatively the refractory interval of the 
amplifier 56 may be set to an interval that provides an effective upper rate limit for sensed heart signals. In 
either case, the purpose of the 1:2, 1:N division is to avoid stimulating the muscle 20 at such a high 
repetition rate that it fatigues. Even though the muscle may be trained and subsequently conditioned in the 

30 manner described in the aforementioned U.S. Patent No. 4,411,268, it may still be fatigued at high repetition 
rates. 

The sync signal is then applied to the input of the synch delay circuit 62 which after a programmable 

delay applies a sync signal to the oscillator and rate limit burst counter 64. The delay interval is set by the 

delay interval programmed into the program delay memory stages of block 72. 
35 The oscillator and rate limit and burst counter 64 provides a predetermined programmed number of 

trigger pulses each separated by a programmed interval to the input of the pulse generator output stage 66. 

The number of pulses and the pulse interval are controlled by the data stored in the programmable number 

of pulses and pulse interval memory portion of block 72. 

The pulse generator output stage 66 responds to the programmable number of pulses in the burst of 
40 trigger pulses received from block 64 by providing a like numbered burst of muscle stimulating output 

pulses each having a programmed amplitude and pulse width and each separated by the programmed 

pulse interval. Again, the amplitude and pulse width of each of the muscle stimulating pulses in the burst is 

controlled by programmable amplitude and pulse width value stored in memory in block 72. 

In general terms, the pulse generator of Fig. 3 operates in similar fashion to that disclosed in the 
45 aforementioned '268 patent and provides bursts of muscle stimulator pulses similar to those disclosed in 

the aforementioned Dewar et al article. The specifications of the pulse generator of Fig. 3 are as follows: 

Ventricular channel : (all programmable) 

- unipolar sense/pace 

- sensitivity: .75, 1 .5, 3.0 mV 

50 - pace pulse amplitude: 5.5 V± .3V 

- pace pulse width: 0.05 - 1 .5 ms (steps of 0.5 ma) 

- lower rate: 30 - 1 20 ppm 

- trigger delay: 6 - 250 ms (steps of 4 ms) 

- refractory period: 200 - 300 - 400 ms (excluding trigger delay) 
55 Muscle channel: (all programmable) 

- on/off 

- bipolar (pace only) 

- burst lengths: 150 & 250 ms 
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- pulse width: .05 - 1.5 ms (steps of .05 ms) 

- pulse amplitude: .25 V - 10.5 V (steps of .25 V) 

- burst rate: 1 - 256 Hz 

- 2 synchronization modes 1:1 & 1.2 
5 - upper rate: 100 bpm in 1:1 mode 

50 bpm in 1 :2 mode 
Telemetry (optional by means of special programmer) 

- marker channel indicator 

- ventricular sense 

10 - ventricular sense within refractory period 

- ventricular pace 

- delayed trigger pulse 

Synchronization Modes 

75 

The synchronization QRS - muscle pacing will depend on two parameters: 

a) the selected synchronization mode; 

b) the heart rate as shown in the following table for two different designs. One design will be selected. 



Selected Mode 


Effective Mode 




HR < 100 ppm 


HR> 100 ppm 


1:1 


1:1 


1:2 | 


1:2 


1:2 


1:4 



Turning now to Figs. 4-6, there is shown a schematic representation of one of the intramuscular leads 
30 or 40 adapted to be coupled to the output stage 66 of the pulse generator 50 of Fig. 3. Very generally, 
the lead 30 comprises- a suture needle 32 which is adapted to be drawn through the muscle 20, a length of 

30 non- conductive line 33 having a coil 34, a lead body 36 and connector 38 with a slidable insulating tube or 
sheath 42 lying over a portion of the insulated conductor 36 and the exposed electrode 44. The connector 
38 is adapted to be coupled to one of the output terminals 67 of Fig. 3 after the electrode 44 at the distal 
end of the lead has been drawn through the muscle 20 at an appropriate location. Before implanting the 
electrode into the muscle, the electrode surface is fully exposed by sliding the tubing sheath 42 towards the 

35 connector 38 by holding the distal end of the electrode 44 and pulling the suture ring 47 proximally. After 
placing the electrode in the muscle, needle 32 and length of line 33 are severed at the distal end of the coil 
34. The coil 34 is designed to retain the electrode in position within the muscle in the manner in which a 
similar coil operates in the Medtronic Model 6400 heart wire. A length of the line 33 may alternately be 
employed to fix the electrode by tying or clipping it to the muscle. 

40 The portion of the electrode 44 left exposed may be adjusted by sliding the tubing 42 axially over the 
insulating sleeve 36 and exposed electrode 44 in a direction away from the connector 38 until the distal end 
of sleeve 41 reaches the muscle surface. In Fig. 4, the insulating tubing 42 is shown completely exposing 
the electrode 44. The insulating sheath means 42 contains a reduced diameter portion 41 and an expanded 
diameter portion 43 together with an exterior marker 45 and suture sleeve 47. The interior marker 48 adjoins 

45 the insulating sleeve 36 at its distal end. 

As the sliding tubing 42 is withdrawn proximally, the conductive electrode 44 is exposed. The exposed 
length is indicated by the distance between the exterior marker 45 and the interior marker 48. In order to 
increase the stimulating electrode length, the slidable tubing is grasped at the suture sleeve 47 and pulled 
gently proximally. To decrease the stimulating electrode length, the insulating tubing 42 is grasped at the 

50 holder 46 and at the connector 38 and advanced distally. The distal portion of the lead 30 of Fig. 4 is shown 
in an expanded cross - section with the insulating sleeve 42 retracted in Fig. 5 and extended in Fig. 6. 

The electrode 44 shown in Figs. 5 and 6 comprises a length of coiled wire conductor 44 extending 
between the distal terminal 35 and the swaging ring 37. The insulated conductor 36 extends between the 
ring 37 and the connector 38. The coiled wire conductor for the electrode 44 may consist of platinum 

55 iridium or other electrode materials, whereas the lead conductor 36 may consist of MP35N or other suitable 
lead materials. The lead conductor 36 and sleeve 37 are insulated by an insulating tube or covering 39 
which extends from the distal end 48 of the sleeve 37 back to the connector 38. 
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The reduced diameter sleeve portion 41 is joined to the larger diameter sleeve portion 43 by ring 49 to 
form the adjustable sleeve means 42. 

The distal end of swaging ring 39 constitutes one marker 48 of the exposed length marker and the tube 
45 on sleeve 43 constitutes the other marker. The line or suture material 33 extends through the lumen of 
5 the coiled wire conductors 44 and 36 back to the connector 38 for added strength. 

Although the marker 48 is shown at the distal end of sleeve 37, sleeve 37 may itself serve as the 
marker 48, since the insulating sleeves 42 and 39 are generally transparent. 

In use, the electrode 44 is shown in its extended position in Fig. 5 in its retracted position in Fig. 6. As 
stated before, one may determine the length of electrode conductor within the muscle by observing the 
;o distance between the markers 45 and 48, 37 which are observable through the transparent insulating 
sheaths 39 and 43. As shown in Fig. 6, markers 45 and 48 (including 37) overlie one another when the 
electrode 44 is fully insulated. 

The ring 49 is a suturing ring to fix the insulating sleeve 43 to covering 39. The visual marker 45 is, in 
this configuration, a piece of white Teflon® tubing that is kept in place by a transparent cover sleeve 46. 
75 This marker could also be of another design such as an ink spot or ring. 

Knowledge of the exposed electrode length is useful to the surgeon: 

1. to optimize electrode location; 

2. to make sure that electrode area is sufficient with respect to electrical energy required for the 
application (in order to obviate electrochemical problems); 

20 3. if a highly specific stimulation is required and if two similar intramuscular electrodes are used, it is 
useful to reduce the cathodic electrode area to a minimum in order to increase its current density and to 
maximize anode surface. It is useful to estimate these surface or exposed lengths during surgery; and 
4. once implanted into the muscle, it is difficult to estimate the length exposed. It reassures the surgeon 
to have an indication about electrode area (or length) especially when surgery becomes a routine. 
25 Future generations of the lead will aim at providing full management of heart conduction problems 
(bradycardia, tachycardia, fibrillation, etc.) as well as providing optimal cardiac output by appropriate muscle 
stimulation. This latter function could be carried out, for instance, by closed - loop synchronous pacing of 
muscle(s) regulated by patient's activity, heart rate, stroke volume, cardiac output, etc. These sensor inputs 
could direct the best appropriate muscle/heart complex stimulation scheme (e.g., synchronization delay, 
30 pulse width and/or amplitude and/or frequency and/or burst duration modulations, etc.) via the most 
appropriate electrode(s) (if multichannel stimulation is used). 

While the intramuscular lead is described in conjunction with reconstructive cardiac surgery and a poise 
generator for effecting stimulating of the muscle in synchrony with paced or sensed cardiac events, the lead 
could be also used for stimulation of various other muscles for other applications of functional electrical 
35 stimulation. 

Sensors could also be provided to detect and/or prevent muscle fatigue and therefore ensure the patient 
with an optimal long term cardiac output. Means could also be provided to enable distant monitoring of 
patient well being (e.g., by telephone) and of cardio - myostimulator status as can be currently done with 
cardiac pacemakers. 

40 The lead as described has been originally designed for providing cardiac assistance by pacing the 
Latissimus Dorsi muscle wrapped around the heart. Leads as well as cardio - myostimulator characteristics 
make such a lead suitable for applications where other skeletal muscle must be substituted for the 
Latissimus Dorsi muscle and paced in synchrony with heart contractions. 

45 Claims 

1. A lead (30, 40) for establishing electrical contact between body tissue and a medical device (50) having 
electrode means and lead means, characterized in that 

said lead means (30) has a proximal and distal end carrying said electrode means in the form of a 
50 length of exposed electrical conductor (44) at the distal end of said lead means adapted for insertion 
into the muscle tissue to be stimulated, and in that there are, 

adjustable insulating means (42) adapted to be advanced distally to electrically insulate any portion 
of said length of electrical conductor (44) which is not advanced into said body tissue, whereby said 
electrode may be adapted to the dimensions of the body tissue being stimulated. 

55 

2. The lead of claim 1. further including pulse generating means (50) for generating suitable stimulation 
adapted for stimulating the body tissue to contract; and means for initiating the stimulating pulses and a 
desired stimulating regimen. 
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3. The lead of claim 1 . wherein said lead means further comprises: 

a first length of conductor having a proximal end and a distal end; 
insulating means (36) for electrically insulating said first length of conductor; and 
connector means (38) fixedly attached to said proximal end of said first length of conductor for 
5 electrically coupling said lead to a medical device; 
said electrode means further comprises: 

an electrode (44) comprising a second length of conductor having a proximal and distal end; 

means for fixedly attaching the proximal end of said second length of conductor to the distal end of 
said first length of conductor; and 
10 means fixedly attached to the distal end of said second length of conductor (35) adapted for 

inserting at least a portion of said second length of conductor into muscle tissue; 

wherein said adjustable insulating means further comprises: 

an insulating sleeve (42) means having a proximal end, a distal end and a predetermined length, 
said sleeve means surrounding said lead and slidable between at least said proximal and distal ends of 
75 said second length of electrical conductor whereby said insulating sleeve means may be advanced 
distally to overlie and electrically insulate any remaining portion of said second length of electrical 
conductor not positioned within muscle tissue. 

4. The lead of claim 1 . including: 

20 pulse generating means (50) for providing stimulating pulse trains sufficient to effect a desired 

contraction of the muscle; 

sensing means (56) for sensing natural heart depolarizations and providing a synchronization signal 
in response thereto; 

first sensing lead means (54) coupled to said sensing means for applying heart signals to said 
25 sensing means; 

delay means (62) responsive to said synchronization signal for developing a trigger signal after a 
predetermined delay period; 

pulse generator output stage means (66) responsive to said trigger signal for providing said pulse 
train to said connector (38) of said lead for establishing electrical contact. 

30 

5. The lead of claims 1 . or 4. wherein a first marker (48) is fixedly attached to a first position on said lead 
and a second marker (45) is fixedly attached to a second position on said slidable insulating sleeve (42) 
means so that the distance between the first and second markers is generally equal to the portion of 
said second electrical conductor actually inserted within the muscle tissue when said sleeve means is 

35 advanced distally to electrically insulate any remaining portion of said second length of electrical 
conductor not within the muscle tissue. 

6. The lead of claim 5. wherein: 

said first length of electrical conductor and insulating sleeve means has a first outside diameter and 
40 said second length of exposed electrical conductor has a second outer diameter; 

and wherein said slidable insulating sleeve (42) means further comprises: 

a first length (43) of tubular insulating sleeve material having a first lumen having an inner diameter 
large enough to receive the said first outer diameter; 

a second length (41) of tubular insulating sleeve material having a second lumen having an inside 
45 diameter large enough to accommodate said second length of electrical conductor (44) said inside 
diameter of said second lumen being too small to accommodate and slide over said first length of 
insulated electrical conductor; and 

means for joining (48, 49) said first and second sleeves together whereby said insulating sleeve 
means may be advanced distally to insulate a portion of all of said second length of electrical 
so conductor and retracted proximally until said second length of insulating sleeve means abuts the distal 
end of said electrical insulating coating. 

7. The lead of claim 6. wherein said joining means comprises said second marker (48). 

55 8. The lead of claim 3. wherein the attachment means further comprises: 

a length of surgical line (33) having a proximal end and a distal end wherein said proximal end of 
said line is fixedly attached to said distal end of said second length of electrical conductor comprising 
said electrode; 
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a needle (32) fixedly attached to said distal end of said line; and 

means (34) fixedly attached to said line for frictionally resisting the movement of said surgical 
thread relative to said muscle tissue. 

PatentansprUche 

1. Leitung (30, 40) zum Herstellen eines elektrischen Kontaktes zwischen dem Korpergewebe und einer 
medizinischen Vorrichtung (5), die eine EJektrodeneinrichtung und Leitungseinrichtungen aufweist, 
dadurch gekennzeichnet, daB 

die genannte Leitungseinrichtung (30) ein proximales und ein distales Ende aufweist, das die 
genannte Elektrodeneinrichtung in Form eines Langenabschnitts eines freigelegten elektrischen Leiters 
(44) am distalen Ende der genannten Leistungseinrichtung aufweist, der eingerichtet ist zum Einfuhren 
in das zu stimulierende Muskelgewebe, und daB 

eine einstellbare Isoliereinrichtung (42) vorliegt, die dazu eingerichtet ist, distal voranbewegt zu 
werden, urn irgendeinen Abschnitt des genannten Langenabschnitts des elektrischen Leiters (44) 
elektrisch zu isolieren, der nicht in das Korpergewebe hinein voranbewegt ist, wobei die genannte 
Elektrode an die Abmessungen des Korpergewebes angepaBt werden kann, das gerade stimuliert wird. 

2. Leitung nach Anspruch 1, ferner mit einer Impulserzeugungseinrichtung (50) zum Erzeugen einer 
geeigneten Stimulierung, die dazu eingerichtet ist, das zusammenzuziehende Korpergewebe zu sti - 
mulieren; und einer Einrichtung zum initiieren der stimulierenden Impulse und fur ein gewunschtes 
Stimulationsmuster. 

3. Leitung nach Anspruch 1 , worin die genannte Leitungseinrichtung ferner aufweist: 

einen ersten Langenabschnitt des Leiters mit einem proximalen Ende und einem distalen Ende; 
eine Isoliereinrichtung (36) zum elektrischen Isolieren des genannten ersten Langenabschnitts des 
Leiters; und 

eine Leitereinrichtung (38), die fest an dem genannten proximalen Ende des genannten ersten 
Langenabschnitts des Leiters angebracht ist, urn den genannten Leiter mit einer medizinischen 
Einrichtung zu koppeln; 

wobei die Elektrodeneinrichtung ferner aufweist: 

eine Elektrode (44) mit einem zweiten Langenabschnitt eines Leiters, der ein proximales Ende und 
ein distaies Ende aufweist; 

eine Einrichtung zum festen Anbringen des proximalen Endes des genannten zweiten Langenab- 
schnitt des Leiters am distalen Ende des genannten ersten Langenabschnitts des Leiters; und 

eine Einrichtung, die fest am distalen Ende des genannten zweiten Langenabschnitts (35) des 
Leiters angebracht ist und dazu eingerichtet ist, mindestens einen Abschnitt des genannten zweiten 
Langenabschnitts des Leiters in das Muskelgewebe einzufuhren; 

worin die genannte einstellbare Isoliereinrichtung ferner aufweist: 

eine Isolierhulseneinrichtung (42) mit einem proximalen Ende, einem distalen Ende und einer 
vorbestimmten Lange, wobei die genannte Hulseneinrichtung die genannte Leitung umgibt und zwi- 
schen mindestens zwischen dem genannten proximalen und dem genannten distalen Ende des 
genannten zweiten Langenabschnitts des elektrischen Leiters verschieblich ist, wobei die genannte 
Isolierhulseneinrichtung distal so voranbewegt werden kann, daB sie jeglichen verbleibenden Abschnitt 
des genannten zweiten Langenabschnitts des elektrischen Leiters uberlagert und elektrisch isoliert, der 
nicht innerhalb des Muskelgewebes angeordnet ist. 

4. Leitung nach Anspruch 1 , mit 

einer impulserzeugenden Einrichtung (5) zum Erstellen stimulierender Impulsablaufe, die ausrei - 
chen, urn eine gewunschte Muskelkontraktion zu bewirken; 

einer FUhleinrichtung (56) zum Fuhlen naturlicher Herzdepolarisationen und zum Erstellen eines 
Synchronisationssignales in Abhangigkeit hiervon; 

einer ersten Fuhlerleitungseinrichtung (54), die mit der genannten FUhleinrichtung gekoppelt ist, urn 
Herzsignale an die genannte FUhleinrichtung anzulegen; 

einer Verzogerungseinrichtung (62), die auf das genannte Synchronisationssignal anspricht, urn 
nach einer vorbestimmten Verzogerungsperiode ein Auslosesignal zu erzeugen; und 

einer Impulsgenerator-Ausgabestufeneinrichtung (66), die auf das genannte Auslosesignal an- 
pricht, urn den genannten Impulsablauf an den genannten AnschluB (38) der genannten Leitung zum 
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Herstellen eines etektrischen Kontaktes abzugeben. 

5. Leitung nach Anspruch 1 Oder 4, worin eine erste Markierung (48) test in einer ersten Position an der 
genannten Leitung angebracht ist, und eine zweite Markierung (45) fest in einer zweiten Position an der 

5 genannten verschieblichen Isolierhulseneinrichtung (42) angebracht ist, so daB der Abstand zwischen 
der ersten und zweiten Markierung im allgemeinen gleich ist dem Abschnitt des genannten zweiten 
elektrischen Leiters, der tatsachlich in das Innere des Muskelgewebes eingefuhrt ist, wenn die 
genannte Hulseneinrichtung distal voranbewegt ist, um jeden verbleibenden Abschnitt des genannten 
zweiten Langenabschnitts des elektrischen Leiters elektrisch zu isolieren, der sich nicht innerhalb des 

70 Muskelgewebes befindet. 

6. Leitung nach Anspruch 5, worin: 

der genannte erste Langenabschnitt des elektrischen Leiters und die Isolierhulseneinrichtung einen 
ersten AuBendurchmesser aufweist und der genannte zweite Langenabschnitt des freigelegten elektri- 
75 schen Leiters einen zweiten aufieren Durchmesser aufweist; 

und worin die genannte verschiebliche Isolierhulseneinrichtung (42) ferner folgende Merkmale 
aufweist: 

einen ersten Langenabschnitt (43) aus einem rohrformigen Isolierhulsenmaterial mit einer ersten 
lichten Weite, die einen Innendurchmesser aufweist, der groB genug ist, um den genannten ersten 
20 AuBendurchmesser aufzunehmen; 

einen zweiten Langenabschnitt (41) aus rohrformigem Isolierhulsenmaterial mit einer zweiten 
lichten Weite, die einen Innendurchmesser aufweist, der groB genug ist, um die genannte zweite Lange 
des elektrischen Leiters (44) aufzunehmen, wobei der genannte Innendurchmesser der genannten 
zweiten lichte Weite zu klein ist, um den ersten Langenabschnitt des isolierten elektrischen Leiters 
25 aufzunehmen oder uber diesen zu rutschen; und 

eine Einrichtung zum Zusammenfugen (48, 49) der genannten ersten und zweiten Hulse, wobei die 
genannte Isolierhulseneinrichtung distal voranbewegt werden kann, um einen Abschnitt des gesamten 
genannten zweiten Langenabschnitts des elektrischen Leiters zu isolieren, und proximal zuruckgezogen 
werden kann, bis der genannte zweite Langenabschnitt der Isolierhulseneinrichtung gegen das distale 
30 Ende der genannten elektrischen Isolierbeschichtung anstoBt. 

7. Leitung nach Anspruch 6, worin die genannte Verbindungseinrichtung die genannte zweite Markierung 
(48) umfaBt. 

35 8. Leitung nach Anspruch 3, worin die Anbringungseinrichtung ferner folgende Merkmale aufweist: 

einen Langenabschnitt eines chirurgischen Fadens (33) mit einem proximalen Ende und einem 
distalen Ende, worin das genannte proximale Ende des genannten Fadens fest am genannten distalen 
Ende des genannten zweiten Langenabschnitts des elektrischen Leiters angebracht ist, der die 
genannte Elektrode aufweist; 
40 eine Nadel (32), die fest am genannten distalen Ende der genannten Leitung angebracht ist; und 

eine Einrichtung (34), die fest am genannten Faden angebracht ist, um der Bewegung des 
genannten chirurgischen Fadens relativ zum genannten Muskelgewebe einen Reibungswiderstand 
entgegenzusetzen. 

45 Revendications 

1. Conducteur (30, 40) pour l^tablissement d'un contact electrique entre un tissu du corps et un dispositif 
medical (50) poss£dant un moyen d'Slectrode et un moyen de conducteur, caracteris£ en ce que ledit 
moyen de conducteur (30) poss&de une extremite proximale et une extr£mite distale portant ledit 

so moyen d'electrode sous la forme d'une longueur du conducteur electrique expose (44) a Pextremite 
distale dudit moyen de conducteur prevue pour {'Insertion dans le tissu musculaire a stimuler et en ce 
que des moyens reglables desolation (42) sont prevus pour etre avances a distance pour isoler 
electriquement toute partie de ladite longueur du conducteur electrique (44) qui n'est pas avancee dans 
ledit tissu du corps, ladite electrode pouvant ainsi etre adaptee aux dimensions du tissu du corps a 

55 stimuler. 

2. Conducteur selon la revendication 1 , comprenant, de plus, un moyen de generation d ? impulsions (50) 
pour la generation d'une stimulation adaptee prevue pour stimuler en contraction le tissu du corps et un 
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moyen pour amorcer les impulsions de stimulation et un regime de stimulation desire. 

3. Conducteur selon la revendication 1 , dans lequel ledit moyen de conducteur comprend de plus : 

- une premiere longueur de conducteur possedant une extremite proximale et une extremite 
5 distale; 

- un moyen d'isolation (36) pour I'isolation electrique de ladite premiere longueur du conducteur et 

- un moyen de raccordement (38) fixe a ladite extremite proximale de ladite premiere longueur de 
conducteur pour un couplage electrique dudit conducteur a un dispositif medical; 

ledit moyen d'electrode comprenant de plus : 
10 - une electrode (44) comprenant une seconde longueur de conducteur possedant une extremite 

proximale et une extremite distale; 

- un moyen pour la fixation de I'extremite proximale de ladite seconde longueur de conducteur a 
I'extremite distale de ladite premiere longueur du conducteur et 

- un moyen fixe a I'extremite distale de ladite seconde longueur de conducteur (35) prevu pour 
75 I'insertion d'au moins une partie de ladite seconde longueur du conducteur dans le tissu 

musculaire; 

conducteur dans lequel ledit moyen reglable d'isolation comprend, de plus, un moyen de 
manchon d'isolation (42) possedant une extremite proximale, une extremite distale et une 
longueur predeterminee, ledit moyen de manchon entourant ledit conducteur et pouvant coulisser 
20 entre au moins lesdites extrEmitEs proximale et distale de ladite seconde longueur du conducteur 

Electrique, ledit moyen de manchon d'isolation pouvant ainsi etre avance de fagon distale pour 
recouvrir et isoler Electriquement toute partie restante de ladite seconde longueur du conducteur 
Electrique non placEe dans le tissu musculaire. 

25 4. Conducteur selon la revendication 1 , comprenant : 

- un moyen de gEndration d'impulsions (50) pour fournir des trains d'impulsions de stimulation afin 
d'effectuer une contraction dEsirEe du muscle; 

- un moyen de detection (56) pour dEtecter les depolarisations naturelles du coeur et fournissant 
un signal de synchronisation en rEponse; 

30 - un premier moyen de detection de conducteur (54) couple audit moyen de detection pour 

I'application des signaux cardiaques audit moyen de detection; 

- un moyen de temporisation (62) sensible audit signal de synchronisation pour developper un 
signal de declenchement apres une periode de retard predeterminee et 

- un moyen d'Etage de sortie de g£n£rateur d'impulsions (66) sensible audit signal de declenche - 
35 ment pour fournir ledit train d'impulsions audit connecteur (38) dudit conducteur pour I'Etablisse - 

ment du contact electrique. 

5. Conducteur selon les revendications 1 ou 4, dans lequel un premier repere (48) est fixE sur une 
premiere position sur ledit conducteur et un second repere (45) est fixe sur une seconde position sur 

40 ledit moyen de manchon coulissant d'isolation (42) de fagon a ce que la distance separant les premier 
et second reperes soit globalement egale a la partie dudit second conducteur electrique reellement 
ins£r§ dans le tissu musculaire lorsque ledit moyen de manchon est avancE de fagon distale pour 
isoler Electriquement tout partie restante de ladite seconde longueur du conducteur electrique ne se 
trouvant pas dans le tissu musculaire. 

45 

6. Conducteur selon la revendication 5, dans lequel ladite premiere longueur du conducteur electrique et 
dudit moyen de manchon d'isolation possfcde un premier diametre exteme et ladite seconde longueur 
du conducteur electrique expose possede un second diametre exteme et dans lequel ledit moyen de 
manchon coulissant d'isolation (42) comprend de plus : 

50 - une premiere longueur (43) d'un materiau tubulaire de manchon d'isolation possedant une 

premiere lumiere presentant un diametre interne assez grand pour recevoir ledit premier diametre 
externe; 

- une seconde longueur (41) d'un materiau tubulaire du manchon d'isolation possedant une 
seconde lumiere presentant un diametre interne assez grand pour recevoir ladite seconde 

55 longueur du conducteur electrique (44), ledit diametre interne de ladite seconde lumiere etant 

assez petit pour recevoir et coulisser sur ladite premiere longueur du conducteur electrique isole 
et 
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- un moyen pour relier (48, 49) lesdits premier et second manchons, ledit moyen de manchon 
d'isolation pouvant ainsi etre avance de fagon distale pour isoler une partie de toute ladite 
seconde longueur de conducteur electrique et retracte a proximite jusqu'a ce que ladite seconde 
longueur du moyen de manchon d'isolation bute contre I'extremite distale dudit revetement 

5 d'isolation electrique. 

7. Conducteur selon la revendication 6, dans lequel ledit moyen de liaison comprend ledit second repere 
(48). 

10 a Conducteur selon la revendication 3, dans lequel ledit moyen de fixation comprend de plus : 

- une longueur de ligne chirurgicale (33) possedant une extremite proximale et une extremite 
distale dans laquelle ladite extremite proximale de ladite ligne est fixee a ladite extremite distale 
de ladite seconde longueur du conducteur electrique comprenant ladite electrode; 

- une aiguille (32) fixee a ladite extremite distale de ladite ligne et 

75 - un moyen (34) fixe a ladite ligne pour s'opposer par frottement au deplacement dudit fil 

chirurgical par rapport audit tissu musculaire. 



20 



25 



30 



35 



40 



45 



50 



12 



4 



EP 0 234 457 B1 



FIG.1 
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FIG. 2 




14 



EP 0 234 457 B1 




EP 0 234 457 B1 




17 



